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(57)  The objective of the present invention is to pro-
vide an interposer in which numerous wiring distributions
may be arranged with the smallest possible number of
layers, and which is suitable for large-volume signal
transmission between electronic components. The inter-
poser according to the present invention is structured
with: a support substrate; a first insulation layer made of
inorganic material and formed on the support substrate;
firstlands formed in the firstinsulation layer; second lands
formed in the first insulation layer; first wiring formed in
the first insulation layer and electrically connecting the
firstlands and the second lands; a second insulation layer
formed on the first insulation layer, the first lands, the
second lands and the first wiring, and having first opening
portions for first via conductors and second opening por-
tions for second via conductors; first pads formed on the
second insulation layer to load a first electronic compo-
nent; second pads formed on the second insulation layer
to load a second electronic component; second wiring
formed on the second insulation layer; first via conductors
formed in the first opening portions and electrically con-
necting the first lands and the first pads; and second via

INTERPOSER AND MANUFACTURING METHOD OF THE INTERPOSER

conductors formed in the second opening portions and
electrically connecting the second lands and the second
wiring. It is characterized that the first pads and the sec-
ond pads are electrically connected through the first wir-
ing and the second wiring, and the second wiring has a
longer wiring length and a greater thickness than the first
wiring.
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Description
TECHNICAL FIELD

[0001] The presentinventionis relatedto aninterposer
and a method of manufacturing an interposer.

BACKGROUND ART

[0002] As for an intermediate substrate on which mul-
tiple electronic components such as logic or memory are
loaded, a substrate called an interposer is used.
Electronic components loaded on an interposer have
been highly integrated recently and to pull numerous wir-
ing lines from the electronic components, surface mount-
ing methods such as a BGA are used.

In an interposer on which to load such electronic com-
ponents, wiring is required to be pulled from a section
connected to an electronic component toward the wiring
connected to another electronic component. Therefore,
it is necessary to arrange numerous wiring distributions
inside an interposer.

[0003] Also, the amount of data that electronic com-
ponents handle is increasing. Accordingly, it is required
that large-volume signal transmission and high-speed
signal transmission be carried out in an interposer.

To conduct large-volume signal transmission and high-
speed signal transmission, the wiring resistance of the
wiring between one electronic component and other elec-
tronic components is required to be low.

[0004] In Patent Publication (1), a type of interposer is
disclosed in which wiring is formed in each of the lami-
nated multilayer organic insulation layers on which to
load electronic components. On the other hand, a type
of interposer is also known in which wiring to load elec-
tronic components is formed on inorganic insulation lay-
ers by wiring-forming methods such as a damascene
method used in semiconductor manufacturing steps.

Patent Document 1: Japanese Laid-Open Patent
Application 2006-19433

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] In such an interposer as described in Patent
Publication (1) in which all the wiring is formed on organic
insulation layers, since there is a limit to the L/S (line and
space) (3 pm/3 pwm) of the wiring for reasons of process-
ing, itis difficult to form fine wiring with a smaller L/S than
the above. Accordingly, to arrange numerous wiring dis-
tributions, the number of insulation layers was required
to be increased.

[0006] In an interposer with numerous insulation lay-
ers, the length of the wiring is inevitably long. Thus, the
inductance factor increases between one electronic com-
ponent and another electronic component. Also, the en-
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tire thickness of the substrate increases by the thickness
of the laminated insulation layers. Furthermore, rough-
ness resulting from the wiring on the insulation layer may
decrease the flatness of the substrate.

[0007] On the other hand, in an interposer in which all
the wiring is formed on inorganic insulation layers using
a semiconductor process, fine wiring with a small L/S
may be formed. Therefore, without increasing the
number of insulation layers, an interposer with numerous
fine wiring distributions may be formed. However, if the
L/S of the wiring between one electronic component and
another electronic component is small, as well as the
thickness of the wiring being small, the resistance of such
wiring tends to become substantially high. If the distance
of the wiring is great, the increase in the wiring resistance
becomes substantial. Accordingly, an interposerin which
all the wiring is formed by a semiconductor process was
not desirable for large-volume signal transmission be-
tween electronic components.

[0008] Considering the problems such as above, the
objective of the present invention is to suggest an inter-
poser and a method of manufacturing such aninterposer,
where numerous wiring distributions may be arranged
with the smallest possible number of layers, and which
is suitable for large-volume signal transmission between
electronic components.

MEANS FOR SOLVING THE PROBLEMS

[0009] The inventors of the present invention paid at-
tention to the fact that wiring on an interposer to be used
for loading multiple electronic components is classified
roughly into two types: one is the wiring for wiring distri-
butions beneath electronic components, which is formed
in a region requiring fine wiring due to the smallness of
the area compared with the number of wiring lines; and
the other is the wiring between electronic components,
which has a rather long wiring distance and is formed in
a region having relatively enough space compared with
the number of wiring lines and thus fine wiring is not par-
ticularly required.

[0010] The inventors of the present invention have
found that by arranging the wiring distributions beneath
electronic components with fine wiring, and by forming
the long wiring between electronic components with wir-
ing having a low wiring resistance, numerous wiring dis-
tributions in an interposer may be finely arranged and it
is possible to provide an interposer suitable for large-
volume signal transmission and high-speed signal trans-
mission. Accordingly, the present invention is complete.
[0011] Namely, the interposer according to Claim 1 is
characterized to have the following: a support substrate;
a first insulation layer made of inorganic material and
formed on the support substrate; a first land formed in or
on the first insulation layer; a second land formed in or
on the first insulation layer; a first wiring formed in or on
the first insulation layer and electrically connecting the
first land and the second land; a second insulation layer
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formed on the first insulation layer, the first land, the sec-
ond land and the first wiring, and having a first opening
portion for a first via conductor and a second opening
portion for a second via conductor; a first pad formed on
the second insulation layer to load a first electronic com-
ponent; a second pad formed on the second insulation
layer to load a second electronic component; a second
wiring formed on the second insulation layer; a first via
conductor formed in the first opening portion and electri-
cally connecting the first land and the first pad; and a
second via conductor formed in the second opening por-
tion and electrically connecting the second land and the
second wiring. Also it is characterized that the first pad
and the second pad are electrically connected through
the first wiring and the second wiring, and the second
wiring has a longer wiring length and a greater thickness
than the first wiring.

[0012] Also, the interposer according to Claim 2 is
characterized to have the following: a support substrate;
a first insulation layer made of inorganic material and
formed on the support substrate; a first land formed in or
on the first insulation layer; a second land formed in or
on the first insulation layer; a first wiring formed in or on
the first insulation layer and electrically connecting the
first land and the second land; a second insulation layer
formed on the first insulation layer, the first land, the sec-
ond land and the first wiring, and having a first opening
portion for a first via conductor and a second opening
portion for a second via conductor; a first pad formed on
the second insulation layer to load a first electronic com-
ponent; a second pad formed on the second insulation
layer to load a second electronic component; a second
wiring formed on the second insulation layer; a first via
conductor formed in the first opening portion and electri-
cally connecting the first land and the first pad; and a
second via conductor formed in the second opening por-
tion and electrically connecting the second land and the
second wiring. Also, it is characterized that the first pad
and the second pad are electrically connected through
the first wiring and the second wiring, and the second
wiring has a lower wiring resistance per unit length than
the first wiring.

[0013] The invention according to Claims 1 and 2, on
the first insulation layer made of inorganic material, the
first lands, second lands and first wiring are formed and
the first wiring electrically connects the first lands and
second lands. Also, on the second insulation layer posi-
tioned on the first insulation layer, the second wiring is
formed. The second wiring has a longer wiring length and
a greater thickness than the first wiring. In other words,
the second wiring has a lower wiring resistance per unit
length than the first wiring. Namely, wiring between the
first electronic component and the second electronic
component is made up of first wiring for fine distributions
under the first electronic component, and of second wir-
ing having a longer wiring length and greater thickness
than the first wiring. In the wiring between the first elec-
tronic component and the second electronic component,
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for example, only fine distributions necessary among
connection terminals of the first electronic component
are arranged with first wiring, and a substantial portion
of the wiring between the first electronic component and
the second electronic component is formed with second
wiring, which has a low wiring resistance per unit length.
Accordingly, the wiring resistance may be reduced effec-
tively, and an interposer suitable for large-volume signal
transmission may be obtained.

Furthermore, since fine distributions are possible with
the first wiring of the first insulation layer, itis not required
to fan out the wiring gradually by increasing the number
of layers. Thus, with a smaller number of layers, it is pos-
sible to deal with finer features of the terminals of elec-
tronic components.

Measuring wiring resistance is not limited to a specific
method. For example, wiring resistance may be meas-
ured by connecting resistance-measurement equipment
to a specific wiring by using a probe. As for measurement
equipment, impedance analyzer (product number:
4194A) made by Agilent Technologies Inc. may be listed.
[0014] In the interposer according to Claim 3, a per-
centage of the length of the second wiring to the entire
length of the wiring connecting the first electronic com-
ponent and the second electronic component is in the
range of 60-90%.

If the percentage of the length of the second wiring is set
as above, the percentage of the length of the second
wiring having a low wiring resistance increases. Accord-
ingly, it is easier to reduce the wiring resistance between
the two electronic components.

[0015] In the interposer according to Claim 4, a ratio
of the thickness of the second wiring to the thickness of
the first wiring is larger than 1 but no larger than 15.
Within such a range, warping of the interposer is sup-
pressed and, for example, if an organic insulation layer
expands/shrinks due to its thermal history, adhesion to
the organic insulation layer may be easily maintained.
Namely, if the ratio of the thickness of the second wiring
to the thickness of the first wiring is less than 1, the rigidity
ofthe interposer is not sufficiently ensured and thus warp-
ing may occur in the interposer due to the difference in
thermal expansion coefficients between a semiconductor
element and the interposer. On the other hand, if the ratio
of the thickness of the second wiring to the thickness of
the first wiring exceeds 15, the aspect ratio of the second
wiring increases when assuming that the wiring width is
the same. For example, if an organic insulation layer ex-
pands/shrinks due to its thermal history, the second wir-
ing would easily follow the expansion/shrinkage of the
organic insulation layer, causing lowered adhesiveness
of the second wiring to the organic insulation layer.
[0016] In the interposer according to Claim 5, the sec-
ond insulation layer is made of organic material. By using
organic material to make the second insulation layer, the
interposer’s tolerance to shock is enhanced and cracks
or the like may be suppressed.

[0017] In the interposer according to Claim 6, the sec-
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ond lands are arranged outside the first-pad forming re-
gion.

"The first-pad forming region" indicates a predetermined
region which includes all the first pads with the smallest
possible plane area. The region is also referred to as "the
reflected region of the first electronic component.”
Here, the first-pad forming region (the reflected region of
the first electronic component) is the region directly under
the first electronic component, and the area to arrange
wiring is limited. Thus, a fine wiring distribution is required
in that region. In contrast, the region outside the first-pad
forming region (the reflected region of the first electronic
component) is the region between electronic compo-
nents, and thus a fine wiring distribution is not particularly
required. If the second lands are arranged in such a po-
sition, from the first lands electrically connected to the
connection terminals of the first electronic component
(and the first pads connected to the connection termi-
nals), using fine first wiring, a wiring distribution is ar-
ranged among the first lands, and the first wiring is pulled
outside the first-land forming region (the reflected region
of the first electronic component) so as to be connected
to the second lands in the region having relatively enough
space. Namely, wiring may be pulled from the region
where fine wiring is required to a region where fine wiring
is not particularly required.

[0018] In the interposer according to Claim 7, the first
wiring is formed by a damascene method and the second
wiring is formed by a semi-additive method. The first wir-
ing, formed by a damascene method, becomes fine wir-
ing. The second wiring, formed by a semi-additive meth-
od, becomes wiring that has a greater thickness and low-
er resistance per unit length than the first wiring formed
by a damascene method.

[0019] In the interposer according to Claim 8, the L/S
of the first wiring is smaller than the L/S of the second
wiring. If the L/S of the first wiring is made smaller than
the L/S of the second wiring, a fine wiring distribution in
or on the first insulation layer may be arranged easily.
[0020] In the interposer according to Claim 9, the pitch
ofthe second via conductors is made larger than the pitch
of the first via conductors.

The first via conductors are connected to the first pads
for loading electronic components, and by making their
pitch small, an electronic component with a small pitch
among connection terminals may be loaded. Also, out-
side the first-pad forming region (the reflected region of
the first electronic component), the first wiring of the
present invention is fanned out. Namely, since the pitch
of the second via conductors is relatively large compared
with the pitch of the first via conductors, the second wiring
with a relatively large L/S may be easily formed.

[0021] Intheinterposeraccordingto Claim 10, the sur-
face having the first insulation layer, the first lands, the
second lands and the first wiring is made flat. If the sur-
face is made flat, a second insulation layer, first via con-
ductors, second via conductors and second wiring may
be accurately formed on the surface and the interposer
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may be made with highly flat characteristics.

[0022] In the interposer according to Claim 11, the di-
ameter of the first lands is larger than the diameter of the
first via conductors and the diameter of the second lands
is larger than the diameter of the second via conductors.
If the relationship of the diameters of lands and via con-
ductors is set as above, the area where lands and via
conductors make contact is secured, and their continuity
improves, leading to enhanced connection reliability in
both. Also, when forming the first opening portions and
second opening portions, since extra space for each
opening portion is ensured in each land, strict alignment
control is not required and simplified manufacturing steps
are achieved.

Also, in the interposer according to Claim 12, the diam-
eter of the first lands is the same as the diameter of the
first via conductors and the diameter of the second lands
is the same as the diameter of the second via conductors.
If the relationship of the diameters of lands and via con-
ductors is set as above, since in each land extra space
is not formed for each opening portion, more space be-
tween lands may be secured than in a conventional case
and wiring may be made further highly integrated.
[0023] Intheinterposeraccordingto Claim 13, the sup-
port substrate is made of silicon. Since the flatness of a
support substrate made of silicon is extremely high, fine
wiring may be formed on its surface. Furthermore, the
rigidity of the interposer is improved by employing silicon
as a support substrate. Accordingly, warping caused by
different thermal expansion coefficients between multiple
loaded electronic components and the interposer may
be effectively suppressed.

[0024] In the interposer according to Claim 14, a pro-
tective film with openings is further formed on the first
pads and second pads respectively.

With such a protective film, the wiring layers in the inner
section are protected, and damage to them may be sup-
pressed.

[0025] Intheinterposeraccordingto Claim 15, one lay-
er each of the first insulation layer and the second insu-
lation layer is formed.

If one layer each of the first insulation layer and the sec-
ond insulation layer is formed, the thickness of the entire
interposer is reduced, and the height of the substrate
when electronic components are mounted may be made
low. Also, considering the viewpoint that the wiring length
between electronic components is made substantially
short, the wiring resistance may be reduced.

[0026] Intheinterposeraccordingto Claim 16, multiple
layers of the first insulation layer are formed. By forming
multiple layers of the first insulation layer made of inor-
ganic material, the thermal expansion coefficient of the
interposer may be reduced.

[0027] In the interposer according to Claim 17, be-
tween the first insulation layer and the second insulation
layer, an inorganic film is formed.

If an inorganic film is formed between the first insulation
layer and the second insulation layer, the adhesiveness
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between the first insulation layer and the second insula-
tion layer may be enhanced.

[0028] The method of manufacturing an interposer ac-
cording to Claim 18 is characterized by: a step to form a
first insulation layer made of inorganic material on a sup-
port substrate; a step to form a first wiring on the first
insulation layer; a step to form a second insulation layer
on the first insulation layer and the first wiring; and on
the second insulation layer, a step to form a second wiring
with a longer wiring length and a greater thickness than
the first wiring.

By such steps, an interposer having first wiring for fine
wiring distributions and second wiring with a longer wiring
length and a greater thickness than the first wiring (wiring
resistance per unit length is low) may be manufactured.
In such an interposer, when arranging wiring between
the first electronic component and the second electronic
component, for example, only fine wiring distributions
definitely required among the connection terminals of the
first electronic component are conducted with the first
wiring, and a substantial portion of wiring between the
first electronic component and the second electronic
component is structured with the second wiring. Accord-
ingly, wiring resistance may be reduced effectively. Also,
an interposer suitable for large-volume signal transmis-
sion may be obtained.

[0029] In the method of manufacturing an interposer
accordingto Claim 19, the second wiring is formed thicker
than the first wiring.

[0030] With such a structure, an interposer may be
manufactured in which a substantial portion of the con-
nection between electronic components may be ar-
ranged with the second wiring, which has lower wiring
resistance per unit length.

[0031] In the method of manufacturing an interposer
according to Claim 20, the second wiring is formed by a
semi-additive method. By using a semi-additive method,
the second wiring, which has a longer wiring length and
greater thickness than the first wiring (the wiring resist-
ance per unit length is low), may be formed simply at a
low cost.

[0032] In the method of manufacturing an interposer
according to Claim 21, the first wiring is formed by a da-
mascene method.

By using a damascene method, the first wiring for arrang-
ing a fine wiring distribution may be formed accurately.
Furthermore, highly flat wiring may be formed.

[0033] In the method of manufacturing an interposer
according to Claim 22, an inorganic film is formed on the
surface of the first insulation layer.

By forming an inorganic film, when a second insulation
layer is formed on the inorganic film, the adhesiveness
between the first insulation layer and the second insula-
tion layer may be enhanced.

BEST MODE FOR CARRYING OUT THE INVENTION

[0034] In the following, an embodiment of the present
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invention is described.

Fig. 1 is a cross-sectional view schematically illustrating
an example of how an interposer of the present invention
is used. Interposer (1) of this embodiment is positioned
between first electronic component 50, second electronic
component 60 (each electronic component includes
semiconductor elements such as logic and/or memory)
and printed wiring board 100. The interposer of the
present invention has wiring which connects multiple
electronic components with each other.

Electronic component 50 and electronic component 60
and interposer (1) are connected, for example, through
bumps 42. Interposer (1) and printed wiring board 100
are connected, for example, through wire 110. However,
connection methods between various components are
not limited to the above.

(FIRST EMBODIMENT)

[0035] Fig. 2 is a perspective cross-sectional view
schematically illustrating part of an example of the inter-
poser according to the present invention. Fig. 2 omits the
region positioned further right of the region shown in Fig.
2, which is the side where the second electronic compo-
nent is loaded, and illustrates only the region which is
the side where the first electronic component is loaded.
Also, in Fig. 2, to show the interiors of the second insu-
lation layer and the protective film, a perspective state in
which the second insulation layer and the protective film
are seen through is illustrated schematically. Also, to
show a positional relationship between the first electronic
component, bumps and first pads, a perspective state in
which the sealing resin of the first electronic component
is seen through is schematically illustrated.

[0036] Fig. 3 is a cross-sectional view of the interposer
shown in Fig. 2 taken at the A-A line. A vertical cross-
sectional view is shown to include the first wiring and
second wiring.

[0037] Interposer (1) of this embodiment has support
substrate 10, first insulation layer 20 made of inorganic
material, first wiring 21 formed inside insulation layer 20,
second insulation layer 30 made of organic material and
second wiring 31 formed on second insulation layer 30.
Incidentally, Figs. 2 and 3 show a situation in which first
electronic component 50 is loaded.

In the following, the detailed description of each section
is given one by one from the lower section with reference
to Figs. 2 and 3.

[0038] First, support substrate 10 is described.

As for the material to form support substrate 10 in this
embodiment, silicon, silicon nitride, silicon carbide, alu-
minum nitride and mullite are listed. Among those, from
a viewpoint that the degree of flatness on the surface is
high enough to allow fine wiring to be formed, using sil-
icon is preferred.

Support substrate 10 is not limited to a specific thickness,
but a range of 30-500 uwm is preferred. If the thickness
of support substrate 10 is less than 30 um, the rigidity of
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the interposer may not be ensured. On the other hand,
if the thickness of support substrate 10 exceeds 500 pm,
it is not preferred, since the thickness of the entire inter-
poser increases.

[0039] Next, the first insulation layer and its surround-
ing structure are described.

Also, inside first insulation layer 20, first lands, second
lands and first wiring are formed.

First insulation layer 20 in this embodiment is a layer
made of inorganic material such as SiO, (silicon dioxide)
or SisNy (silicon nitride). An example of the specific layer
structure is described in the section regarding a method
of manufacturing an interposer of the present embodi-
ment.

[0040] Firstlands 22 are formed in first insulation layer
20 in such a way that the top surfaces of first lands 22
are exposed on the top surface of first insulation layer
20, and are positioned directly under first electronic com-
ponent 50, namely in forming region (R) for first pads 34.
Second lands 23 are formed in first insulation layer 20 in
such a way that the top surfaces of second lands 23 are
exposed on the top surface of first insulation layer 20,
and are positioned outside forming region (R) for first
pads 34.

First wiring 21 is formed inside first insulation layer 20
and electrically connects first lands 22 and second lands
23.

In addition, first lands 22, second lands 23 and first wiring
21 are structured with copper plating and seed layer 126
(see Fig. 3) under the copper plating. A structural exam-
ple of the seed layer is described in the section regarding
a method of manufacturing an interposer of the present
embodiment.

[0041] In the present embodiment, first lands 22, sec-
ond lands 23 and first wiring 21 are formed by a da-
mascene method. The L/S of first wiring 21 is small com-
pared with the later-described L/S of second wiring 31.

The first wiring is not limited to a specific L/S as long as
it is within such a range as to allow a wiring distribution
in the first-pad forming region. Although the L/S is pre-
ferred to be approximately 1 pm/1 um, it may be finer
than that.

The thickness of first wiring 21 is smaller than the thick-
ness of the later-described second wiring. First wiring 21
of the present embodiment is not limited to a specific
thickness, but it is preferred to be 2 um or less. If the
thickness of first wiring 21 is 2 wm or less, finer wiring as
well as easy processing is made possible, thus a lower
cost is achieved.

[0042] In addition, since first lands 22, second lands
23 and first wiring 21 are formed by a damascene meth-
od, the surface having first insulation layer 20, first lands
22, second lands 23 and first wiring 21 is flat.

[0043] Also, in the present embodiment, the diameter
of first lands 22 is larger than the diameter of later-de-
scribed first via conductors 32, and the diameter of sec-
ondlands 23 is larger than the diameter of later-described
second via conductors 33. When comparing the diameter
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of lands and the diameter of via conductors, the diame-
ters at the surfaces where lands and via conductors make
contact with each other may be compared for that pur-
pose.

[0044] Next, the second insulation layer and its sur-
rounding structure are described.

Second insulation layer 30 is made of organic material
and is formed on first insulation layer 20. Inside second
insulation layer 30, first via conductors 32 and second
via conductors 33 are formed. Furthermore, on the sur-
face of second insulation layer 30, first pads 34 and sec-
ond wiring 31 and the second pads (not shown in the
drawing) are formed.

[0045] Second insulation layer 30 is formed on first in-
sulation layer 20, first lands 22, second lands 23 and first
wiring 21, and has first opening portions 36 and second
opening portions 37 (see Fig. 3 or Fig. 10(b)). In first
opening portions 36, first via conductors 32 are formed,
and in second opening portions 37, second via conduc-
tors 33 are formed. The bottom surfaces of first via con-
ductors 32 are connected to first lands 22, and the bottom
surfaces of second via conductors 33 are connected to
second lands 23.

Furthermore, on second insulation layer 30, first pads 34
are formed and first pads 34 are electrically connected
tofirst viaconductors 32. In addition, on second insulation
layer 30, second wiring 31 is further formed, and second
wiring 31 is electrically connected to second via conduc-
tors 33. Namely, first pads 34 and first lands 22 are con-
nected through first via conductors 32, and second wiring
31 and second lands 23 are connected through second
via conductors 33.

[0046] Second insulation layer 30 is a layer made of
thermosetting resin, photosensitive resin, resin with a
photosensitive group added to part of a thermosetting
resin, thermoplastic resin or a resin compound including
such resins. More specifically, photosensitive polyimide
resin is preferred.

[0047] First via conductors 32, second via conductors
33, first pads 34 and second wiring 31 are structured with
copper plating and seed layer 131 (see Fig. 3) beneath
the copper plating.

A structural example of the seed layer is described in the
section regarding a method of manufacturing an inter-
poser according to the present embodiment.

[0048] Inthe present embodiment, first via conductors
32, second via conductors 33, first pads 34 and second
wiring 31 are formed by a semi-additive method. The L/S
of second wiring 31 is large compared with the L/S of first
wiring 21. In the present embodiment, the L/S of the sec-
ond wiring is L/S=3 pm/3 pm; however, it is not limited
to such. The L/S of the second wiring may be decided
properly according to the number of second wiring lines
and the area of the region where the second wiring is
formed.

[0049] Second wiring 31 is thicker than first wiring 21.
In the present embodiment, the thickness of second wir-
ing 31 is not limited specifically; however, it is preferred
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to be made larger than 2 pm but no larger than 30 pm.
If the thickness of second wiring 31 is within the above
range, warping of the interposer is properly suppressed.
Furthermore, itis possible to reduce the wiring resistance
of second wiring 31. In addition, the thickness of the in-
terposer will not increase. The thickness of the second
wiring indicates an average value of each value obtained
by measuring the thickness with a scanning electron mi-
croscope at the cross-sections of 10 points selected at
random in a lengthwise direction. Regarding the thick-
ness of the first wiring, it indicates the same as above.
Also, the ratio of the thickness of the second wiring to
the thickness of the first wiring is larger than 1 but no
larger than 15. If the ratio of the thickness of the second
wiring to the thickness of the first wiring is less than one
1 the rigidity of the interposer is not sufficiently ensured
and warping caused by the difference in thermal expan-
sion coefficients between a semiconductor element and
the interposer may occur in the interposer. On the other
hand, if the ratio of the thickness of the second wiring to
the thickness of the first wiring exceeds 15, assuming
that the wiring width is the same, the aspect ratio of the
second wiring increases. Accordingly, for example, when
the organic insulation layer expands/shrinks due to its
thermal history, the second wiring would easily follow the
expansion/shrinkage of the organic insulation layer, and
thus the adhesiveness of the second wiring to the organic
insulation layer may be lowered.

[0050] Also, not shown in Figs. 2 and 3, the pitch of
first via conductors 32 is formed to be smaller than the
pitch of second via conductors 33.

[0051] Also, in Figs. 2 and 3, the end to which second
wiring 31 is connected is omitted from the drawing, but
second wiring 31 is electrically connected to the second
pads for connecting the second electronic component.
An example of how the second wiring and second pads
are connected is described later.

[0052] Next, protective film 40 is described.
Protective film 40 is formed on the second insulation layer
and second wiring. Protective film 40 has openings 41
to partially expose first pads 34 and the second pads
respectively. Namely, as shown in Fig. 3, the outer pe-
ripheral portions of first pads 34 and the second pads are
covered with protective film 40.

[0053] The material for protective film 40 is not limited
specifically, but from the viewpoint of adhesiveness to
the second insulation layer, organic material is preferred.
Then, in openings 41, bumps 42 made of solder are
formed via barrier metal layer 43 (see Fig. 3). Bumps 42
and the connection terminals of first electronic compo-
nent 50 are connected.

[0054] Fig. 4 is aschematic view illustrating a perspec-
tive cross-section partially showing an example of the
interposer according to the present invention; the side
on which the second electronic component is loaded is
illustrated as well.

[0055] In the interposer of the present embodiment
shown in Fig. 4, from the side of first electronic compo-
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nent 50, wiring is connected to first pads 34, to first via
conductors 32, to first lands 22, to first wiring 21, to sec-
ond lands 23, to second via conductors 33, to second
wiring 31 and to second pads 35 in that order. Namely,
from first pads 34 on which first electronic component 50
is loaded, wiring is pulled down to first insulation layer
20, then using first wiring 21 inside first insulation layer
20, a wiring distribution among the first lands is arranged,
then wiring is pulled to second lands 23 which are posi-
tioned outside forming region (R) for first pads 34.
Then, from second lands 23, wiring is pulled up through
second via conductors 33 to second wiring 31 on the
second insulation layer, and through second wiring 31,
a substantial portion of the connection between first elec-
tronic component 50 and second electronic component
60 is arranged.

[0056] Regarding the wiring between first electronic
component 50 and second electronic component 60, the
length of second wiring 31 is made greater than the length
of first wiring 21. By setting so, the wiring resistance of
the wiring between two electronic components may be
reduced and an interposer suitable for large-volume sig-
nal transmission may be obtained.

Especially, the percentage of the length of the second
wiring to the entire wiring length connecting the first elec-
tronic component and the second electronic component
is preferred to be 60-90%.

[0057] In the following, the interposer according to the
present embodiment is described using a top plan view.
Fig. 5 is a schematic top plan view partially illustrating an
example of the interposer according to the present in-
vention.

To show how the wiring inside the first insulation layer or
second insulation layer looks, Fig. 5 schematically illus-
trates the wiring by viewing it through each layer.

Fig. 5 shows first-pad forming region (R) and its surround-
ings, and outside (upper side) the region shown in Fig.
5 the second electronic component (second-pad forming
region (R)) is positioned.

[0058] In first-pad forming region (R), multiple first
lands 22 are formed. On each first land 22, first via con-
ductor 32 is formed, and on each first via conductor 32,
first pad 34 is formed. Namely, each octagonal region
illustrated in Fig. 5 is the portion onto which a connection
terminal (such as solder bump) of the first electronic com-
ponent is connected. To each first land 22, first wiring 21
is connected, and first wiring 21 is pulled outside first-
pad forming region (R) so as to be connected to second
lands 23.

On each second land 23, second via conductor 33 is
formed, and to each second via conductor 33, second
wiring 31 is connected.

Second wiring 31 is integrated with the second pads,
which are positioned outside (upper portion) the drawing
and are not shown in the drawing. As shown in Fig. 5, in
the present embodiment, compared with pitch (o) of first
via conductor 32, pitch (B) of second via conductor 33 is
made relatively large.
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[0059] Also, inthe present embodiment, the L/S of first
wiring 21 is set 1 um/1 um, and the L/S of second wiring
31 is set 3 um/3 um. The width of second wiring 31 is
made larger than that of first wiring 21.

[0060] Fig. 6 is a schematic top plan view illustrating
an example of how electronic components are loaded
onto the interposer of the present invention. In Fig. 6, the
wiring situation among electronic components is omitted
from the drawing.

[0061] Onto the interposer of the present invention,
multiple electronic components of multiple varieties may
be loaded. The number and the varieties are not limited
specifically; however, in interposer (1) shown in Fig. 6,
one of logic 150 and four of memory 160 are loaded.
Then, wiring between logic 150 and memory 160 is struc-
tured with the first wiring and second wiring described so
far.

[0062] Fig. 7 is atop plan view illustrating the enlarged
region (region (B) in Fig. 6) between the logic and mem-
ory shown in Fig. 6.

Fig. 7 schematically illustrates part of the wiring pulled
out of logic 150 and memory 160.

[0063] In the region shown in Fig. 7, to first lands 22
connected to first pads 34 on the side of logic 150, first
wiring 21 is connected through first via conductors 32.
First wiring 21 is pulled out to second lands 23 positioned
outside the pad-forming region (R) for logic 150.
Second wiring 31 is connected to second lands 23
through second via conductors 33. Second wiring 31 is
extended to the side of memory 160, and is connected
to second pads 35 on the side of memory 160. Through
second wiring 31, the wiring on the side of logic 150 and
wiring on the side of memory 160 are connected.
[0064] As clearly seen in Fig. 7, the L/S of first wiring
21 is smaller than the L/S of second wiring 31, and the
length of second wiring 31 is greater than that of first
wiring 21. Namely, it indicates that a substantial portion
of the wiring between logic 150 and memory 160 is struc-
tured with second wiring 31.

[0065] In the following, a method of manufacturing an
interposer according to the present embodiment is de-
scribed with reference to the drawings.

In the description of the manufacturing method, a method
is described to form the wiring in the portion directly under
where the first electronic component is loaded, namely,
in the reflected region of the first electronic component.
However, in other regions such as the reflected region
of the second electronic component or the region be-
tween the first electronic component and the second
electronic component, the same method may be used to
form wiring.

[0066] Figs. 8(a), 8(b) and 8(c), as well as Figs. 9(a),
9(b), 9(c) and 9(d) are cross-sectional views schemati-
cally illustrating part of the steps in manufacturing the
interposer according to the First Embodiment.

First, as shown in Fig. 8(a), on support substrate 10, first
insulation layer 20 (first SiO, layer 121, SizN,4 layer 122
and second SiO, layer 123) is formed by thin-film depo-
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sition.

As for support substrate 10, a silicon wafer is used. On
the top surface of silicon wafer 10, first SiO, layer 121,
Si;N, layer 122 and second SiO, layer 123 are each
formed by thin-film deposition using a CVD (chemical
vapor deposition) method.

[0067] Next, by applying resist 124 and by exposing it
to light and developing it, resist 124 is removed from the
predetermined positions corresponding to those to form
openings in second SiO, layer 123.

Those steps are shown in their entirety in Fig. 8(b).
[0068] Next, by conducting dry etching (reactive ion
etching), second SiO, layer 123 is etched in the portion
where resist 124 is not formed.

In doing so, a pattern such as that shown in Fig. (c) is
formed on second SiO, layer 123. When conducting dry
etching, SisN4 layer 122 plays a role as an etching stop-
per.

[0069] Next, as shown in Fig. 9(a), on the surface of
second SiO, layer 123, seed layer 126 is formed, for
example, by sputtering. In the presentembodiment, seed
layer 126 is structured with sputtered films of Ta, N, Ta
and Cu in that order from the bottom, but it is not limited
to such.

[0070] Next as shown in Fig. 9(b), using seed layer
126 as a power-supply layer, electrolytic copper plating
is performed to form electrolytic copper-plated layer 127.
Electrolytic copper plating may be conducted by a con-
ventionally known method.

[0071] Next,asshowninFig.9(c), CMP (Chemical Me-
chanical Polishing) is conducted to remove part of elec-
trolytic copper-plated layer 127 as well as seed layer 126
which is positioned on the surface of second SiO, layer
123.

The CMP may be conducted using a method and equip-
ment known as a conventional damascene method.
Then, the electrolytic copper-plated layer left after con-
ducting the CMP becomes first lands 22 and first wiring
21.

[0072] Throughthe above steps, the firstinsulation lay-
er, first lands and first wiring may be formed.

Although the method of forming the second lands is not
shown in the drawing, it is the same as the method of
forming the first lands. Wiring may be formed in such a
way that the first lands and the second lands are con-
nected through the first wiring.

Then, as shown in Fig. 9(d), inorganic layer 128 such as
an SizN, layer is formed on the surface by, for example,
CVD. Inorganic layer 128 is formed to enhance the ad-
hesiveness between the second insulation layer and first
insulation layer.

[0073] Figs. 10(a), 10(b), 10(c) and 10(d) as well as
Figs. 11(a), 11(b) and 11(c) are cross-sectional views
schematically illustrating part of the method of manufac-
turing an interposer according to the First Embodiment.
First, as shown in Fig. 10(a), second insulation layer 30
is formed on the first insulation layer and first wiring, and
openings 36 are formed as shown in Fig. 10(b).
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[0074] As amethod of forming second insulation layer
30, for example, a method in which uncured photosen-
sitive polyimide resin is applied by a roll-coater or the like
may be used.

[0075] As a method of forming openings, a process to
expose to light and develop the second insulation layer
may be used. Among the openings formed in the second
insulation layer, those formed on the first lands become
the first opening portions, and those formed on the sec-
ond lands become second opening portions.

Then, as shown in Fig. 10(c), the inorganic layer exposed
through the first opening portions is removed by, for ex-
ample, a reactive ion etching.

[0076] Next, as shown in Fig. 10(d), seed layer 131 is
formed on the surface (including the wall surfaces of
openings 36) of second insulation layer 30 and on the
top surfaces of first lands 22 exposed through openings
36. Seed layer 131 is formed, for example, by sputtering
and is made of Ti and Cu.

Although not shownin the drawing, a seed layer is formed
on the top surfaces of the second lands as well.

[0077] Next, as shown in Fig. 11(a), plating resist 132
is formed, exposed to light and developed through a
mask. By doing so, plating resist 132 is removed from
the positions to form first pads 34 (see Fig. 11(b)).

As for the plating resist, for example, a photosensitive
dry film or the like may be used. Although not shown in
the drawing, when removing the plating resist, the plating
resist on the openings (second opening portions) in the
second insulation layer formed on the second lands is
removed, and the plating resist is further removed ac-
cording to the configuration of the second wiring pattern.
[0078] In the following, as shown in Fig. 11(b), using
seed layer 131 as a power-supply layer, electrolytic cop-
per plating is performed to deposit copper plating in the
portions from which plating resist 132 is removed. By
doing so, first via conductors 32 are formed in second
insulation layer 30, and first pads 34 are further formed
on second insulation layer 30.

In addition, although not shown in the drawing, the sec-
ond via conductors are formed in the second insulation
layer by electrolytic copper plating, and the second wiring
is further formed on the second insulation layer.

[0079] Next, as shownin Fig. 11(c), the rest of the plat-
ing resist is removed and seed layer 131 beneath the
removed plating resist is also removed by etching. Etch-
ing seed layer 131 is not limited to a specific method, but
from the viewpoint of suppressing the over-etching of
electrolytic copper plating, dry etching (reactive ion etch-
ing) is preferred.

[0080] Through the above steps, the second insulation
layer, first via conductors and first pads may be formed.
Also, not shown in the drawing, the second via conduc-
tors, second wiring and second pads may be formed in
the same manner.

[0081] Figs. 12(a) and 12(b) are cross-sectional views
schematically illustrating part of the steps of manufactur-
ing an interposer according to the First Embodiment.
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First, yet another organic insulation layer 40 is formed
on second insulation layer 30. Then, on the newly formed
organic insulation layer 40, openings 41 are formed. The
newly formed organic layer becomes protective layer 40.
Those steps are shown in their entirety in Fig. 12(a).
As the organic insulation layer for protective film 40, the
same material as is used in second insulation layer 30
may be used. Also, as for a method to form openings 41,
the same method as is used to form openings 36 in sec-
ond insulation layer 30 may be used.

[0082] Next, as shown in Fig. 12(b), in openings 41
formed in protective film 40, barrier metal layer 43 is
formed. Barrier metal layer 43 is formed, for example, by
sputtering tantalum nitride and tantalum one after anoth-
er. The material for structuring and the method of forming
the barrier metal layer are not limited specifically.
Through those steps, interposer (1) of the present em-
bodiment may be complete. Forming a protective film
and forming the barrier metal layer are carried out ac-
cording to requirements.

In addition, although omitted from the drawing, on the
surface of barrier metal layer 43 exposed through the
openings in protective film 40, Ni/Au plating is performed.
That is for ensuring adhesiveness between solder and
pads 34 when later-described solder bonding is conduct-
ed.

[0083] Inthefollowing, the process toload an electron-
ic component onto the manufactured interposer is de-
scribed.

Figs. 13(a) and 13(b) are cross-sectional views schemat-
ically illustrating an example of the process to load an
electronic component onto the interposer of the First Em-
bodiment.

First, as shown in Fig. 13(a), on pads 34 (barrier metal
layer 43), bumps 42 are formed with solder.

[0084] Next, first electronic component 50 is flip-chip
mounted on interposer (1) through bumps 42.

Then, underfill resin 53 is filled between first electronic
component 50 and the interposer and cured.

Next, the surroundings of first electronic component 50
are sealed with sealing resin 51, and loading the elec-
tronic component onto interposer (1) is complete.
Those steps are shown in their entirety in Fig. 13(b).
As for the underfill resin and sealing resin, resin usually
used for sealing electronic components may be used.
[0085] Also, when silicon wafer is used as a support
substrate and aninterposer is formed on the silicon wafer,
by using silicon wafer sufficiently large for the size of an
interposer, multiple interposers may be formed on a
sheet of silicon wafer. When multiple interposers are
formed on a sheet of silicon wafer, at an appropriate time
such as before or after a step to load an electronic com-
ponent, each interposer may be divided by cutting the
silicon wafer into units by a method of dicing or the like.
In doing so, interposers may be manufactured efficiently.
[0086] In the following, the effects of an interposer of
the present embodiment and a method of manufacturing
such an interposer are listed.
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(1) In the interposer of the present embodiment, on
the first insulation layer made of inorganic material,
the first lands, second lands and first wiring are
formed. The first wiring electrically connects the first
lands and the second lands.

Since the first wiring is suitable for a fine distribution, a
fine distribution definitely required among connection ter-
minals of the first electronic component may be arranged
with the first wiring.

[0087]

(2) Also, the second lands are formed outside the
first-pad forming region. Therefore, from the first
lands electrically connected to the connection termi-
nals (and the first pads connected to the connection
terminals) on the first electronic component, using
the first wiring, which is fine wiring, wiring is distrib-
uted among the first lands, then the first wiring is
pulled outside of the first-pad forming region (the re-
flected region of the first electronic component) to
be connected to the second lands. Namely, wiring
may be pulled out from the region where fine wiring
is required to the region where fine wiring is not par-
ticularly required.

[0088]

(3) Also, since wiring is distributed using the fine wir-
ing formed in the first insulation layer, with the re-
duced number of layers required to distribute wiring,
fanning out may be achieved. Accordingly, with a
small number of layers, itis possible to deal with finer
features of the terminals of an electronic component.

[0089]

(4) Also, the length of the second wiring is longer
than the length of the first wiring. The wiring to con-
nect the first pads and second pads is mainly ar-
ranged with the second wiring, which has alow wiring
resistance per unit length (wiring with a long wiring
length and great thickness). Therefore, the wiring
resistance of the wiring between two electronic com-
ponents is effectively reduced, making an interposer
suitable for large-volume signal transmission.

[0090]

(5) Also, the first lands, second lands and first wiring
are formed by a damascene method. Thus, the sur-
face having the first insulation layer, first lands, sec-
ond lands and first wiring is made flat. Accordingly,
on that surface, second insulation layer, first via con-
ductors, second via conductors and second wiring
may be accurately formed and an interposer having
highly flat characteristics may be obtained as well.
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[0091]

(6) Also, the support substrate is made of silicon.
Since a support substrate made of silicon has highly
flat characteristics, fine wiring may be formed on that
surface. Furthermore, by employing silicon as a sup-
port substrate, the rigidity of an interposer is en-
hanced. Thus, warping of the interposer caused by
different thermal expansion coefficients among mul-
tiple loaded electronic components and the interpos-
er may be effectively suppressed.

[0092]

(7) Also, since a protective film having openings is
further formed on the first pads and the seconds
pads, a wiring layer in the inner portion may be suit-
ably protected.

[0093]

(8) Also, since one layer each of the first insulation
layer and the second insulation layer is formed, the
entire thickness of the interposer may be reduced,
thus minimizing the height of the substrate when
electronic components are loaded. In addition, con-
sidering that the wiring length between electronic
components is made substantially short, lowering of
wiring resistance may be achieved.

[0094] (9) Also, since an inorganic film is formed be-
tween the first insulation layer and the second insulation
layer, adhesiveness between the firstinsulation layer and
second insulation layer may be improved.

[0095]

(10) Also, in the method of manufacturing an inter-
poser according to the present embodiment, a step
to form the first wiring by a damascene method and
a step to form the second wiring by a semi-additive
method are taken.

By doing so, an interposer may be manufactured in which
the first wiring to distribute fine wiring is accurately
formed, and the second wiring, which has a longer wiring
length and a greater thickness, is formed conveniently
at low cost.

Thus, according to the method of manufacturing an in-
terposer of the present embodiment, when arranging wir-
ing between the first electronic component and the sec-
ond electronic component, for example, fine distribution
definitely required among the connection terminals of the
first electronic componentis arranged with the first wiring,
and a substantial wiring portion between the first elec-
tronic component and second electronic component is
structured with the second wiring which has a greater
thickness. Accordingly, an interposer may be manufac-
tured in which wiring resistance is effectively reduced
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and which is suitable for large-volume signal transmis-
sion.

(SECOND EMBODIMENT)

[0096] In the following, the Second Embodiment, one
of the embodiments of the present invention, is de-
scribed. In the interposer of this embodiment, a power-
source layer and/or a ground layer is formed in the insu-
lation layer positioned under the second wiring of the
interposer described in the First Embodiment; or a pas-
sive element having at least a capacitor, inductor or re-
sistor is provided. The first insulation layer under the sec-
ond wiring indicates a predetermined spot of the first in-
sulation layer positioned between the first-pad forming
region and the second-pad forming region. For example,
if a ground layer is formed in the insulation layer, a micro-
strip structure is formed that includes the second wiring
positioned directly over the ground layer. As a result,
characteristic impedance may be matched, allowing sig-
nal transmission to be steady.

[0097] In the present embodiment, effects (1)-(10) de-
scribed in the First Embodiment as well as the following
effectmay be shown. (11) Since fine wiring is not required
to be arranged in the firstinsulation layer under the region
where wiring is formed with second wiring, the region
often creates dead space. By forming, for example, a
power-source layer or a passive element in that dead
space, such a region is used efficiently, making the in-
terposer highly integrated without having a useless por-
tion. Accordingly, thin and compact features are achieved
in the entire interposer, and it is possible to add various
functions such as areinforced power source or enhanced
signal characteristics.

(THIRD EMBODIMENT)

[0098] In the following, the Third Embodiment, one of
the embodiments of the present invention, is described.
Fig. 14 schematically illustrates a perspective cross-sec-
tional view partially showing another example of the in-
terposer according to the present invention.

In interposer (2) of this embodiment, in the reflected re-
gion of second electronic component 60, the same as in
the reflected region of first electronic component 50, first
lands 22, second lands 23, first wiring 21, first via con-
ductors 32 and second via conductors 33 are also
formed; and second pads 35 are electrically connected
to second wiring 31 through first via conductors 32, first
lands 22, first wiring 21, second lands 22 and second via
conductors 33.

[0099] Inthe present embodiment, effects (1)-(10) de-
scribed in the First Embodiment as well as the following
effect may be shown.

[0100] (12) In the interposer according to the present
embodiment, the number of connection terminals on the
side of the second electronic component is large and
their pitch is narrow. Thus, even when wiring is required

10

15

20

25

30

35

40

45

50

55

11

to be pulled from the reflected region of the second elec-
tronic component, it is possible to deal with finer features
of the terminals of an electronic component with a small
number of layers, and without forming multiple layers.

(FOURTH EMBODIMENT)

[0101] The interposer according to this embodiment is
structured in such a way that specific components among
multiple electronic components are connected using only
the second wiring.

Fig. 15 schematically illustrates a perspective cross-sec-
tional view partially showing yet another example of the
interposer according to the present invention. Interposer
(4) shownin Fig. 15is further structured with, forexample,
third pads 403 to load third electronic component 401
and fourth pads 404 to load fourth electronic component
402 onto the interposer according to the First Embodi-
ment as shown in Fig. 4.

Then, third pads 403 and fourth pads 404 are connected
through second wiring 31.

[0102] In interposer (4) in this embodiment, wiring is
connected from third pads 403 on the side of third elec-
tronic component 401 to second wiring 31 and to fourth
pads 404 in this order. Between third electronic compo-
nent 401 and fourth electronic component 402, first wir-
ing, first lands and second lands are not formed. First
electronic component 50 and second electronic compo-
nent 60 are connected through first wiring 21 and second
wiring 31 the same as in the First Embodiment.

[0103] As for the electronic components used in the
Fourth Embodiment, for example, the third electronic
component is a power-source regulator module and the
fourth electronic component is a CPU.

By connecting those electronic components only through
the second wiring, the resistance of wiring between the
electronic components may be further lowered. As a re-
sult, without causing a voltage drop in the second wiring,
appropriate voltage may be added to electronic compo-
nents such as a CPU.

(FIFTH EMBODIMENT)

[0104] Fig. 16 schematically illustrates a cross-sec-
tional view partially showing yet another example of the
interposer according to the present invention. In inter-
poser (5) shown in Fig. 16, penetrating electrodes 500
are formed in support substrate 10.

[0105] Penetrating electrode 500 is structured with
copper-plated layer 501 and conductive thin-film 502 be-
neath the copper-plated layer. Penetrating electrode 500
and support substrate 10 are separated by insulative film
503. Insulative film 503 is also formed on the back surface
of support substrate 10.

[0106] The upper side (on the front-surface side of the
support substrate) of penetrating electrode 500 is con-
nected to the conductor (first land 22 in Fig. 16) formed
in first insulation layer 20.
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The lower side (on the back-surface side of the support
substrate) of penetrating electrode 500 is connected to
pad 600 (wiring) formed on the back surface of support
substrate 10. Namely, pads 600 (wiring) formed on the
back surface of support substrate 10 and first wiring 21
(first lands 22) are electrically connected through pene-
trating electrodes 500.

Also, on pads 600, bumps 542 are formed. Through
bumps 542, interposer (5) is mounted on printed wiring
board 100.

Between printed wiring board 100 and interposer (5), un-
derfill resin 553 is filled.

Interposer (5) and printed wiring board 100 may be con-
nected only through bumps 542, or they may be connect-
ed through both bumps and wiring.

[0107] The material for insulative film 503 is not spe-
cifically limited, but an inorganic insulative film such as
an SiO, film, or an organic insulative film made of resin
may be used. Here, an example is shown using an or-
ganic insulative film as insulative film 503.

[0108] The method of manufacturing an interposer ac-
cording to the Fifth Embodiment is substantially the same
as the method of manufacturing an interposer according
to the First Embodiment, except for the step to form pen-
etrating electrodes. Therefore, among the steps of man-
ufacturing an interposer according to the Fifth Embodi-
ment, those different from the method of manufacturing
an interposer according to the First Embodiment are de-
scribed.

[0109] Figs. 17(a), 17(b), 17(c), and 17(d), Figs. 18(a),
18(b), and 18(c) and Figs. 19(a), 19(b), and 19(c) are
schematic cross-sectional views partially showing the
steps of manufacturing an interposer according to the
Fifth Embodiment.

In this embodiment, by taking the same steps of manu-
facturing an interposer shown in the First Embodiment,
a substrate having the same structure as that in Fig. 9(c)
described in the First Embodiment is produced (see Fig.
17(a)).

[0110] Next, as shown in Fig. 17(b), by using, for ex-
ample, a UV laser, opening 510 is formed at a predeter-
mined position in support substrate 10. The method to
form opening 510 is not limited to a specific method; dry
etching (reactive ion etching) or wet etching using an
alkaline solution may be employed.

Furthermore, as shown in Fig. 17(c), resist 511 is pat-
terned so as to expose opening 510. Then, using resist
511 as a mask, dry etching (reactive ion etching) is per-
formed by etching first SiO, layer 121 and SizN, layer
122 in that order to expose the bottom surface of first
land 22.

[0111] Next, as showninFig. 17(d), using, forexample,
a dip coating method or a spin coating method, liquid
resin is applied on the bottom-surface side of support
substrate 10, and dried at about 200°C for an hour to
form insulative film 503.

At that time, insulative film 503 is formed on the bottom
surface of support substrate 10 and on the wall surface
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of opening 510. As for a liquid resin used in this step,
from a viewpoint as described later that insulative film
503 on the surface of first land 22 may be easily removed,
aphotosensitive resin (such as brand name: WPR, series
No. 5100, made by JSR Corporation) is preferred to be
used.

Specifically, a liquid resin is listed which contains: methyl
ethyl ketone 20-30 wt. %, ethyl lactate 20-30 wt. %, filler
15-25 wt. %, novolak resin 5-15 wt. %, melamine com-
pound 1-10 wt. %, phenolic resin 1-10 wt. %, crosslinked
rubber 1-10 wt. %, epoxy compound 1-5 wt. %, low mo-
lecular-weight phenolic resin 1-5 wt. %, coupling agent
0.1-3 wt. % and triazine photosensitizer 0.1-3 wt. %.
As for a method of forming an organic insulative film,
other than a spin coating method and a dip coating meth-
od, for example, a vacuum deposition method is listed.
[0112] Next, as shown in Fig. 18(a), opening 510 is
exposed to light through mask 512, which has an opening
corresponding to opening 510.

Furthermore, as shown in Fig. 18(b), by a developing
procedure, insulative film 503 is removed from the ex-
posed portion (the bottom portion of opening 510).
Through the above process, the bottom surface of first
land 22 is exposed again on the back-surface side of
support substrate 10.

[0113] Next, as shown in Fig. 18(c), conductive thin
film 502 is formed on the lower surface of exposed first
land 22 and on the surface of insulative film 503.
Conductive thin film 502 is made, for example, of Ni/Cu
and is formed by sputtering. However, the material of
conductive thin film 502 is not limited to such. Also, a
method to form conductive thin film 502 is not limited to
sputtering; for example, electroless plating may also be
employed.

Furthermore, as shown in Fig. 19(a), electrolytic copper
plating is performed using conductive thin film 502 as a
power-supply layer to form copper-plated layer 501.
[0114] Next, as shown in Fig. 19(b), resist 513 is
formed at a position where a pad will be formed in copper-
plated layer 501.

Next, as shown in Fig. 19(c), the portion of copper-plated
layer 501 and conductive thin film 502 where resist 513
is not formed is removed by etching.

Through the above process, penetrating electrode 500
and pad 600 are formed.

[0115] Inthe present embodiment, effects (1)-(10) de-
scribed in the First Embodiment as well as the following
effect may be shown.

(13) By forming penetrating electrodes in the support
substrate, the interposer and a printed wiring board
are connected through solder bumps. As a result,
the wiring distance is shortened in contrast to a sit-
uation where both are connected by wiring. In doing
s0, in the wiring from the printed wiring board to elec-
tronic components such as a semiconductor ele-
ment, an increase in resistance is suppressed and
adrop in electronic voltage before reaching electron-
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ic components such as a semiconductor element
may be suppressed effectively.

[0116]

(14) Also, since the interposer of this embodiment
includes an insulative film made of organic resin, the
thermal expansion coefficient of the interposer is
large in contrast to a situation in which an inorganic
insulative film is formed as an insulative film. There-
fore, inconsistency of thermal expansion coefficients
between a printed wiring board mainly made of resin
and the interposer may be eased to a certain degree.
Accordingly, connection reliability in the joint portion
(bumps) between the interposer and a printed wiring
board may be achieved.

(OTHER EMBODIMENTS)

[0117] Fig. 20 is a schematic cross-sectional view par-
tially illustrating yet another example of the interposer
according to the present invention.

The first wiring in each embodiment described so far was
formed by a damascene method. However, the forming
method is not limited to such.

For example, in interposer (3) shown in Fig. 20, by form-
ing a metal layer on first insulation layer 20 using sput-
tering or the like, then patterning the metal layer by etch-
ing, first wiring 21 or the like may be formed. In such a
case, on the surface of firstinsulation layer 20, first wiring
21 and various lands (22, 23) are formed.

[0118] Also, the number of electronic components
loaded on the interposer according to the present inven-
tion is not limited to a specific number, as long as it is
two or more. Electronic components are not limited to
specific varieties, functions, or relationships in which
electronic components are connected to each other.
For example, to the second wiring connected to the first
electronic component, the second electronic component
may be connected through the first wiring pulled from the
side of the second electronic component as shown in the
Third Embodiment, and the third electronic component
may be connected only through the pads under the third
electronic component as shown in the First Embodiment.
In addition, those electronic components are not limited
to a specific loading form. Namely, multiple semiconduc-
tor elements may be mounted in such a way that they
are laminated. In such a case, for example, penetrating
electrodes formed in each electronic component are con-
nected to each other through solder bumps.

[0119] Also, multiple layers of the first insulation layer
and/or second insulation layer may be formed, and the
first wiring and/or second wiring may be made multilayer
wiring.

[0120] The material to structure first lands, second
lands and first wiring as well as the material to structure
first via conductors, second via conductors, first pads,
second pads and second wiring is not limited specifically
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as long as such material has conductivity.

Materials other than copper, nickel, gold and silver are
listed.

[0121] Asvarieties of material for the second insulation
layer, thermosetting resins such as epoxy resin, phenolic
resin, polyimide resin, polyether resin, bismaleimide res-
in, polyolefin-type resin, polyphenylene ether resin,
polyphenylene resin and fluoride resin are listed.

Also, a photosensitive resin, for example, acrylic resin or
the like, is listed.

[0122] Asforaresinwith a photosensitive group added
to part of a thermosetting resin, a resin in which the ther-
mosetting group of the above thermosetting resin is re-
acted with methacryl acid or acrylic acid or the like is
listed.

Also, as for thermoplastic resins, for example, phenoxy
resin, polyethersulfone (PES), polysulfone (PSF),
polyphenylene sulfone (PPS), polyphenylene sulfide
(PPES), polyphenylene ether (PPE) and polyetherimide
(PI) are listed.

[0123] Also, as a specific combination of resin com-
pounds to be used for the second insulation layer, for
example, phenolic resin/polyether sulfone, polyimide
resin/polysulfone, epoxy resin/polyethersulfone, epoxy
resin/ phenoxy resin, acrylic resin/phenoxy resin, and
epoxy resin with partially acrylized epoxy group/poly-
ethersulfone are listed.

The second insulation layer made of such resin may be
multilayered.

In addition, the second insulation layer may be formed
with inorganic material such as SiO,. In such a case, the
thermal expansion coefficient of the interposer may be
reduced.

[0124] The relationship between the diameter of the
first lands and the diameter of the first via conductors,
and the relationship between the diameter of the second
lands and the diameter of the second via conductors are
not limited specifically as long as they are in such arange
as to secure continuity between each land and via. They
may be the same diameter.

[0125] Also, the kind of resist formed on the first insu-
lation layer and the method to expose it to light and de-
velop it are not limited specifically as long as they are the
kind of resist and method to expose it to light and develop
it that are used in a process to manufacture semiconduc-
tors.

[0126] As for a method to form a seed layer on the first
insulation layer and the second insulation layer, other
than sputtering, a so-called PVD (Physical Vapor Depo-
sition) may be used. Specifically, a method such as vac-
uum deposition, ion plating or electron beam deposition
may be used.

Also, as for a method to form a seed layer on the surface
of the second insulation layer, a conventionally known
process to form a conductive circuit by a semi-additive
method may be used.

[0127] Forming the second insulation layer is not lim-
ited to a specific method, but a method to apply uncured
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resin using a spin coater, curtain coater or the like or a
method to form a resin layer by thermo-pressing a resin
film may be used.

In addition, a method to cure the resin is not limited to
thermosetting.

[0128] Also, a method to form openings in the second
insulation layer is not limited to a process in which it is
exposed to light and developed, but a method of opening
by alaser process may be used. In such a case, a method
to use exima laser, UV-YAG laser, carbon dioxide gas
laser or the like may be listed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0129]

Fig. 1 schematicallyillustrates a cross-sectional view
showing an example of how an interposer of the
present invention is used.

Fig. 2 schematically illustrates a perspective cross-
sectional view partially showing an example of an
interposer according to the present invention.

Fig. 3 illustrates a cross-sectional view taken at the
A-A line of the interposer shown in Fig. 2.

Fig. 4 schematically illustrates a perspective cross-
sectional view partially showing an interposer ac-
cording to the present invention; the side where a
second electronic component is loaded is also
shown.

Fig. 5 schematically illustrates a top plan view par-
tially showing an example of an interposer according
to the present invention.

Fig. 6 schematically illustrates a top plan view show-
ing a situation where an electronic component is
loaded onto an interposer of the present invention.
Fig. 7 illustrates an enlarged top plan view showing
the region (Region (B) in Fig. 6) between the logic
and memory shown in Fig. 6.

Figs. 8(a), 8(b) and 8(c) schematically illustrate
cross-sectional views partially showing the steps of
manufacturing an interposer according to the First
Embodiment.

Figs. 9(a), 9(b), 9(c) and 9(d) schematically illustrate
cross-sectional views partially showing the steps of
manufacturing an interposer according to the First
Embodiment.

Figs. 10(a), 10(b), 10(c) and 10(d) schematically il-
lustrate cross-sectional views partially showing the
steps of manufacturing an interposer according to
the First Embodiment.

Figs. 11(a), 11(b) and 11(c) schematically illustrate
cross-sectional views partially showing the steps of
manufacturing an interposer according to the First
Embodiment.

Figs. 12(a) and 12(b) schematically illustrate cross-
sectional views partially showing the steps of man-
ufacturing an interposer according to the First Em-
bodiment.
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Figs. 13(a) and 13(b) schematically illustrate cross-
sectional views partially showing the steps of loading
an electronic component onto an interposer accord-
ing to the First Embodiment.

Fig. 14 schematically illustrates a perspective cross-
sectional view partially showing another example of
an interposer according to the present invention.
Fig. 15 schematically illustrates a perspective cross-
sectional view partially showing yet another example
of an interposer according to the present invention.
Fig. 16 schematically illustrates a cross-sectional
view partially showing yet another example of an in-
terposer according to the present invention.

Figs. 17(a), 17(b), 17(c) and 17(d) schematically il-
lustrate cross-sectional views partially showing the
steps of manufacturing an interposer according to
the Fifth Embodiment.

Figs. 18(a), 18(b) and 18(c) schematically illustrate
cross-sectional views partially showing the steps of
manufacturing an interposer according to the Fifth
Embodiment.

Figs. 19(a), 19(b) and 19(c) schematically illustrate
cross-sectional views partially showing the steps of
manufacturing an interposer according to the Fifth
Embodiment.

Fig. 20 schematically illustrates a perspective cross-
sectional view partially showing yet another example
of an interposer according to the present invention.

EXPLANATION OF SYMBOLS

[0130]

1,2,3,4,5 interposer

10 support substrate

20 first insulation layer

21 first wiring

22 first land

23 second land

30 second insulation layer

31 second wiring

32 first via conductor

33 second via conductor

34 first pad

35 second pad

36 first opening portion (opening formed in
the second insulation layer)

37 second opening portion (opening formed
in the second insulation layer)

40 protective film

50 first electronic component

60 second electronic component

128 inorganic film

141 opening (opening formed in the protective
film)

150 logic

160 memory
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Claims

1.

An interposer, comprising:

a support substrate;

afirstinsulation layer made of inorganic material
and formed on the support substrate;

a first land formed in or on the first insulation
layer;

a second land formed in or on the first insulation
layer;

a first wiring formed in or on the first insulation
layer and electrically connecting the first land
and the second land;

a second insulation layer formed on the first in-
sulation layer, the first land, the second land and
the first wiring, and having a first opening portion
for a first via conductor and a second opening
portion for a second via conductor;

afirst pad formed on the second insulation layer
to load a first electronic component;

a second pad formed on the second insulation
layer to load a second electronic component;

a second wiring formed on the second insulation
layer;

a first via conductor formed in the first opening
portion and electrically connecting the first land
and the first pad; and

a second via conductor formed in the second
opening portion and electrically connecting the
second land and the second wiring, wherein
the first pad and the second pad are electrically
connected through the first wiring and the sec-
ond wiring, and

the second wiring has a longer wiring length and
a greater thickness than the first wiring.

2. Aninterposer, comprising:

a support substrate;

afirstinsulation layer made of inorganic material
and formed on the support substrate;

a first land formed in or on the first insulation
layer;

a second land formed in or on the first insulation
layer;

a first wiring formed in or on the first insulation
layer and electrically connecting the first land
and the second land;

a second insulation layer formed on the first in-
sulation layer, the first land, the second land and
the first wiring, and having a first opening portion
for a first via conductor and a second opening
portion for a second via conductor;

a first pad formed on the second insulation layer
to load a first electronic component;

a second pad formed on the second insulation
layer to load a second electronic component;
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10.

11.

12.

a second wiring formed on the second insulation
layer;

a first via conductor formed in the first opening
portion and electrically connecting the first land
and the first pad; and

a second via conductor formed in the second
opening portion and electrically connecting the
second land and the second wiring, wherein
the first pad and the second pad are electrically
connected through the first wiring and the sec-
ond wiring, and

the second wiring has a lower wiring resistance
per unit length than the first wiring.

The interposer according to Claim 1 or 2, wherein
the percentage of the length of the second wiring to
the total wiring length connecting the first electronic
component and the second electronic component is
in the range of 60-90%.

The interposer according to any one of Claims 1 to
3, wherein the ratio of the thickness of the second
wiring to the thickness of the first wiring is larger than
1 but no larger than 15.

The interposer according to any one of Claims 1 to
4, wherein the second insulation layer is made of
organic material.

The interposer according to any one of Claims 1 to
5, wherein the second land is formed outside a first-
pad forming region.

The interposer according to any one of Claims 1 to
6, wherein the first wiring is formed by a damascene
method and the second wiring is formed by a semi-
additive method.

The interposer according to any one of Claims 1 to
7, wherein the L/S of the first wiring is smaller than
the L/S of the second wiring.

The interposer according to any one of Claims 1 to
8, wherein the pitch of the second via conductors is
larger than the pitch of the first via conductor.

The interposer according to any one of Claims 1 to
9, wherein the surface having the first insulation lay-
er, the first land, the second land and the first wiring
is made flat.

The interposer according to any one of Claims 1 to
10, wherein the diameter of the first land is larger
than the diameter of the first via conductor and the
diameter of the second land is larger than the diam-
eter of the second via conductor.

The interposer according to any one of Claims 1 to



13.

14.

15.

16.

17.

18.

19.

20.

21.

22,
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10, wherein the diameter of the first land is the same
as the diameter of the first via conductor and the
diameter of the second land is the same as the di-
ameter of the second via conductor.

The interposer according to any one of Claims 1 to
12, wherein the support substrate is made of silicon.

The interposer according to any one of Claims 1 to
13, wherein a protective film having openings on the
first pad and the second pad respectively is further
formed.

The interposer according to any one of Claims 1 to
14, wherein one layer each of the first insulation layer
and the second insulation layer is formed.

The interposer according to any one of Claims 1 to
14, wherein multiple layers of the firstinsulation layer
are formed.

The interposer according to any one of Claims 1 to
16, wherein an inorganic film is formed between the
first insulation layer and the second insulation layer.

A method of manufacturing an interposer, compris-
ing:

a step to form a first insulation layer made of
inorganic material on a support substrate;

a step to form a first wiring on the first insulation
layer;

a step to form a second insulation layer on the
first insulation layer and the first wiring; and

a step to form on the second insulation layer a
second wiring, which has a longer wiring length
and a greater thickness than the first wiring.

The method of manufacturing an interposer accord-
ing to Claim 18, wherein the first wiring is formed to
be thicker than the second wiring.

The method of manufacturing an interposer accord-
ing to Claim 18 or 19, wherein the second wiring is
formed by a semi-additive method.

The method of manufacturing an interposer accord-
ing to any one of Claims 18 to 20, wherein the first
wiring is formed by a damascene method.

The method of manufacturing an interposer accord-
ing to any one of Claims 18 to 21, wherein an inor-
ganic film is formed on the surface of the first insu-
lation layer.
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